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Osteoarthritis (OA) is a major cause of disability, yet, despite major research efforts, the pathogenesis has not been elucidated and there are no effective therapies. Studying  extreme phenotypes of Mendelian disorders can reveal pathological mechanisms present in more common diseases. The purpose of our research was to investigate the early onset, severe arthropathy in the ultra-rare disorder, alkaptonuria (AKU), to better understand the pathogenesis of OA.
We investigated joints obtained at surgery from AKU patients, by correlated ex vivo MRI, microCT, BSE-SEM and LM, Subsequently we extended the investigation to OA joints obtained at surgery or from donated cadavers. We also analysed clinical DESS MRI knees scans from patients in the Osteoarthritis Initiative progression cohort from five annual visits. Finally we surveyed MR, μCT and histological images from public data bases and publications.       
In AKU joint samples studied ex vivo using μCT and BSE-SEM, we identified cracks in the subchondral plate which ran though bone and articular calcified cartilage. In some cases cracks had healed by intercalation of a highly mineralised infill material. This material also extruded into hyaline articular cartilage as High Density Mineralised Protrusions (HDMPs), which could by detected by μCT, DESS MRI, BSE-SEM and LM. Subsequently we identified HDMPS in ex vivo  OA joints  from surgery and cadavers. HDMPS were identified in over 80% of the MR images acquired from the Osteoarthritis Initiative. Our search of online CT and MR databases revealed that putative HDMPs were widely identifiable in joints including vertebral joints. We also detected evidence for the presence of previously unrecognised HDMPs in histological images of joints from OA mice in published papers, despite their destruction by decalcification during processing.
Our results from these parallel studies reveal that a high incidence of HDMPs in joints and suggest that they constitute a major but previously unrecognised cause of joint destruction, not only in rare diseases, such as AKU, but also in common OA. HDMPS are hard and may fragment  to produce an abrasive cutting and grinding agent, damaging HAC from within.  They appear to form prior to the detection of symptomatic OA and could provide a useful imaging biomarker to monitor progression of disease. The identification of widespread prevalence of this novel mechanism of joint destruction provides a new paradigm joint destruction in OA.
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